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MALTING QUALITY OF BARLEY VARIETIES AND SELECTIONS GROWN AT 
CENTRAL AND EASTERN STATIONS IN 2002 

 
Introduction 
 
At the Cereal Crops Research Unit, we malt barleys received from public sector 
breeders and evaluate each line for its commercial malting quality.  We malt and 
analyze each submission as consistently as possible, which allows us to 
compare the lines with each other.  Our objective is to provide accurate data and 
evaluations of new selections and to facilitate the development of improved 
malting barleys. 
 
Materials 
 
The 1671 samples upon which this report is based came from several locations; 
either as a part of the Mississippi Valley Uniform Barley Nursery or as 
experimental selections from several research programs.  Individual breeders� 
experimental lines from Maine, Minnesota, North Dakota and Virginia were 
processed and evaluated. 
 
Methods  
 
All barleys were steeped to a 45% moisture content, germinated for five days and 
kilned over a twenty-four hour period.  Most of our analyses were performed 
according to the Methods of Analysis of the ASBC, 8th edition, 1992.  Details of 
the malting and analyses are listed in Appendix A. 
 
 
Rankings and Quality Scores 
 
The best performing entries in each table can be found by consulting the Overall 
Rank Value column.  The rank values were determined by the quality scores 
generated for each submission, with the rank order proceeding from low (best) to 
high (poorest).  The quality scores were computed for each line on the basis of 
the sum of its individually scored parameters.  Scores are assigned to each of 
the malt quality traits based upon how closely the trait values conform to what 
industry wants them to be.  The closer the analytical data are to the ideal, the 
more points are awarded.  The most important quality traits (extract, soluble 
protein, etc.) are weighted more than those of lesser importance.  This gives a 
relative assessment of the overall performance of each line.  Some of the criteria 
used to generate the quality scores changed this year.  The most notable 
changes were a wider range for acceptable diastatic power and α−amylase 
levels, a new range of 42 - 47% for S/T ratios and a lowering of the upper limit for 
β−glucan contents from 300 to 200 ppm.  All of the criteria used to generate the 
quality scores are listed in Appendix B. 
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Mississippi Valley Uniform Barley Nursery - 2002 
 
Nursery samples were received for malting quality evaluation from three 
experimental stations located in Minnesota, Montana and North Dakota.  The 
parentages of the nursery entries are listed in Table 1.  Fourteen of twenty-nine 
entries (#16 - #29) were new in this year�s nursery. 
 
These samples were germinated for 5 days and rotated for 3 minutes every half 
hour, which should have yielded malts having modification levels that are similar 
to those produced by industry.  The malting conditions and analytical methods 
employed are listed in Appendix A.  The criteria and value assignments used to 
calculate quality scores have been revised this year and are listed in Appendix B.  
The most notable changes are a wider range for acceptable diastatic power and 
α-amylase levels, a new range of 42 to 47% for S/T ratios and a lowering of the 
β−glucan upper limit from 300 to 200 ppm. 
 
The mean values of 14 quality factors over the three stations (Table 2) and over 
all varieties (Table 3) are listed.  Individual station data are reported in Tables 4 
through 6.  Evaluations of data from the individual locations and overall 
performance evaluations, derived primarily from Tables 2 and 3 are presented 
below. 
 
Nearly half of the barleys from Morris, MN (Table 4) were too thin and all had 
unacceptably high protein contents. Half of the extract values fell below the 
desired limits, but most of the fine � coarse differences were good.  The soluble 
protein and free amino nitrogen levels were high, some extremely high, which 
contributed to the elevated wort color values.  Over half of the β−glucan levels 
were too high, whereas the amylolitic values were generally quite good.  The 
best performer was Lacey, but even this entry�s high total and soluble protein 
levels would have eliminated it from commercial use. 
 
The barleys from Sidney, MT (Table 5) were plump and had very good protein 
contents.  The extract values were good, except for that of Barbless.  These 
malts appear to have modified well as indicated by their low β−glucan levels and 
small fine � coarse differences.  A third of the soluble protein and two thirds of 
the S/T values were unacceptably high.  The amylolitic values were quite good, 
except for that of 2ND18365, which had an unacceptably low diastatic power 
value and a high α-amylase level.  The best performers were Drummond, Lacey, 
M112, 6B95-2482, M109, ND16922 and BT389.  Other lines also performed well, 
generating an average malt quality score of 53 from this location. 
 
Most of the plump barleys from Bottineau, ND (Table 6) had elevated protein 
contents, although only six were unacceptably high.  The extract, fine � coarse 
difference and β−glucan values were generally good.  Over a third of the free 
amino nitrogen and wort protein levels were too high, whereas most wort colors 
and turbidities were good.  Most amylolitic values were good, although the 
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diastatic power value for 2ND18365 was too low, while those of MNBrite and 
ND17687 were too high.  The best performers were M109, M111, 6B98-7339, 
BT478, ND17111 and M113. 
 
Overall, the submissions from Sidney and Bottineau performed much better than 
those grown at Morris (Table 2).  The barleys from Morris were much thinner and 
had higher protein contents than those from the other locations.  These elevated 
protein levels negatively affected the malt quality by contributing toward very high 
wort protein and free amino nitrogen values, high turbidity and low extract values.  
The barleys from Sidney averaged 12.7% protein, which would be considered 
�ideal�, while the 13.5% average protein level in barleys from Bottineau was high, 
although still within the acceptable range.  At Sidney, the average extract value 
of 80.2% was significantly higher than those from Bottineau and Morris.  The 
higher extract values and good protein contents of the Sidney entries were most 
responsible for the excellent average quality score.  Submissions from Bottineau 
had slightly higher total and soluble protein levels than entries from Sidney, 
which resulted in the slightly lower, but still respectable average quality score.   
 
In general, the entries in this nursery were plump and had good extract and fine � 
coarse difference values when grown in favorable environments.   Some of the 
average barley protein levels were unacceptably high, however this was mostly 
due to the extremely high levels found in the submissions from Morris.  The 
soluble protein levels were also elevated, with over half being unacceptably high, 
again affected by the very high levels found in those entries grown at Morris.  
The average amylolitic values were generally within the recently expanded 
desired range (Appendix B), the only exception being the average diastatic 
power value of 2ND18365, which was too low.  The β−glucan levels indicated 
that most of these lines modified well with our malting protocol, and only four 
lines had an average value higher than that of the Mid-West standard, Robust.  
Many of these lines performed well, with half of the nursery scoring higher than 
Robust.  The best overall performers were M109, Lacey, 6B95-2482, M113, 
Drummond and ND17643.  M109 was new in this year�s nursery.  It performed 
much better at Bottineau and Sidney than at Morris.  This line had a perfect score 
at Bottineau and also would have at Sidney, except for an elevated S/T ratio due 
mostly to its low total protein content.  Lacey has performed quite well in this 
nursery since it introduction in 1998.  This year�s submission performed well, 
especially at Sidney, with a perfect score and had the best score at Morris where 
high protein levels negatively impacted the malting quality.  The Lacey from 
Bottineau had an unacceptably high protein level, which also contributed to a low 
S/T ratio and a lower quality score.  This is the fourth year that 6B95-2482 has 
been in this nursery.  This line has performed well, but seldom has been a top 
performer.  That is the case again this year, where this line performed better than 
most at Morris, extremely well at Sidney, but ranked in the middle of the 
experiment at Bottineau.  Most quality parameters were good in general, 
however the diastatic power levels were quite high and this could be a concern.  
This is the first year for M113 and its performance was very similar to that of 
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Robust.  M113 may have modified a bit better than Robust, with slightly lower 
β−glucan and F-C difference values, and slightly higher soluble protein and free 
amino nitrogen levels than those of Robust, though none of these measures 
were significantly different.  Drummond has been part of the nursery since the 
1997 crop year.  It has performed reasonably well throughout the years and did 
very well at Sidney this year with a top score of 65, good at Bottineau with a 
score of 49 and poorly at Morris where high protein levels negatively affected 
nearly all of the submissions.  ND17643 is new in this year�s nursery where it 
performed quite well scoring a bit better than Robust. 
 
 

 
2002 Crop Year Evaluations 

 
 
Submissions from Maine 
 
 
2002 Malting Barley X Nitrogen Study � Presque Isle 
Table 7 � 28 Entries 
 
A quarter of these barleys were thin and many had elevated, but still acceptable 
protein contents.  The extract and α−amylase values were generally good, but 
most of the soluble protein levels were too high.  The elevated soluble protein 
values resulted in three quarters of the S/T ratios exceeding the desired limit.  A 
third of the diastatic power levels were too low and all but one β−glucan value 
was too high.  The best performers were 302(9) and 506(9), however their 
elevated β−glucan levels would be a concern for industry. 
 
 
Submissions from Minnesota 
 
2002 Advanced Lines (Group 1) � St. Paul 
Table 8 � 22 Entries 
 
Nearly all of these thin barleys had unacceptably high protein contents.  Three 
quarters of the extract values were too low, while all soluble protein levels were 
extremely high.  The amylolitic and β−glucan values were generally good.  None 
of these lines, including the experimental controls performed well. 
 
 
2002 Advanced Lines (Group 2) � St. Paul 
Table 9 � 26 Entries 
 
Three quarters of these thin barleys had unacceptably high protein contents.  
Most of the extract values were too low, while nearly all soluble protein and wort 



 5

colors were too high.  The diastatic power levels ranged from five that were too 
low, to one that exceeded the desired limit.  Most of the α−amylase and β−glucan 
levels were good.  None of these lines performed well. 
 
 
2002 Advanced Lines (Group 3) � Crookston  
Table 10 � 22 Entries 
 
Half of these plump barleys had unacceptably high protein contents.  Most 
extract and amylolitic values were good.  The soluble protein levels were 
extremely high and the wort color and S/T values were also high because of the 
elevated soluble protein contents.  A third of the β−glucan levels exceeded the 
upper limit.  The best performers were M97-67, M109, M96-203, M111 and M97-
53, however the extremely high wort protein levels found in these submissions 
would preclude them from commercial use. 
 
 
2002 Advanced Lines (Group 4) � Crookston 
Table 11 � 26 Entries 
 
Only a quarter of these plump barleys had unacceptably high protein contents.  
The extract values were generally good, but the soluble protein levels were very 
high.  The high soluble protein levels resulted in all but one line having 
unacceptably high S/T ratios and contributed to the high wort color values.  Half 
of the diastatic power values were too low, while most of the α−amylase and 
β−glucan levels were good.  The best performers were M112, M111, M114, 
FEG26-50, FEG38-12, FEG4-66, M96-177 and M98-69, however the elevated 
soluble protein contents would detract from their commercial use. 
 
 
2002 Advanced Lines (Group 5) � Morris 
Table 12 � 22 Entries 
 
All of these barleys had elevated total protein contents.  Half of the extract values 
fell below the desired limit, whereas nearly all of the soluble protein contents 
exceeded the upper limit.  The amylolitic values were generally good, while most 
of the β−glucan levels exceeded the upper limit.  None of these lines, including 
the experimental controls, performed well. 
 
 
2002 Advanced Lines (Group 6) � Morris 
Table 13 � 26 Entries 
 
A quarter of these entries were too thin and over half had unacceptably high 
protein contents.  Only six extract values were too low, but the soluble protein, 
S/T, β−glucan and wort color values were generally too high.  A third of the 
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diastatic power levels were too low, while three of the α−amylase values 
exceeded the upper limit.  The best performers were FEG4-66 and M112, 
however both of these lines had elevated soluble protein and β−glucan contents.  
 
 
2002 Advanced Lines (Group 7) � St. Paul 
Table 14 � 28 Entries 
 
These barleys had very high protein contents.  Most of the extract values were 
too low, while all soluble protein levels were too high.  The amylolitic values were 
generally good, while the β−glucan contents ranged from very low, indicating 
over-modified malts to very high indicating under-modified malts.  None of these 
lines, including the experimental controls, performed well. 
 
 
2002 Advanced Lines (Group 8) � Crookston 
Table 15 � 28 Entries 
 
A third of these plump barleys had unacceptably high protein contents.  The 
extract values were generally good, but most soluble protein levels were too 
high.  The elevated soluble protein contents resulted in most S/T ratios and wort 
color values being higher than desired.  The diastatic power levels were 
generally low, with six falling below the desired limit, however α−amylase 
contents were good.  Two thirds of the β−glucan levels were too high.  The best 
performers were FEG43-82 and FEG52-16.  The β−glucan content of FEG43-82 
was high, while the soluble protein level of FEG52-16 was slightly high and both 
values would be a concern to industry. 
 
 
2002 Advanced Lines (Group 9) � St. Paul 
Table 16 � 31 Entries 
 
A third of these barleys were too thin and all had unacceptably high protein 
contents.  Most of the extract values were below the desired limit, whereas all 
soluble protein levels were extremely high.  The elevated soluble protein 
contents resulted in most S/T ratios and wort color values being too high.  Most 
β−glucan contents were too high, while the amylolitic values were good.  None of 
these lines, including the experimental controls performed well, because of the 
high total and soluble protein levels. 
 
 
2002 Advanced Lines (Group 10) � St. Paul, Crookston and Morris 
Table 17 � 42 Entries 
 
Half of these barleys were too thin and most had unacceptably high protein 
contents.  Sixteen extract values fell below the minimum limit and all soluble 
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protein levels were too high.  The elevated soluble protein levels caused three 
quarters of the S/T ratios to exceed the upper limit and also increased the wort 
color values.  Eight diastatic power levels were too low, which was surprising 
considering the elevated total protein contents.  The α−amylase values were 
generally good, whereas two thirds of the β−glucan levels exceeded the upper 
limit.  The best performers were M98-68 and one of the Robust experimental 
controls, however the elevated soluble protein levels would adversely affect their 
commercial usefulness. 
 
 
2002 Early Generation Lines (Group 11) � Crookston 
Table 18 � 32 Entries 
 
Half of these plump barleys had unacceptably high protein contents.  Only four 
extract values were too low, but nearly all of the soluble protein levels exceeded 
the upper limit.  The amylolitic values were generally good, while a third of the 
β−glucan levels were too high.  The best performers were M96-106/M109 3148, 
M96-106/M109 3142, M96-106/M109 3143 and Lacey.  M96-106/M109 3148 had 
solid malt quality characteristics, except for its high soluble protein level.  M96-
106/M109 3142 had high total and soluble protein levels.  M96-106/M109 3143 
had good protein levels, but had a low diastatic power value, an elevated 
β−glucan level and slightly hazy wort.  Lacey had a solid malt quality profile 
except for its elevated total protein content and high soluble protein value.   
 
 
2002 Early Generation Lines (Group 12) � Crookston 
Table 19 � 32 Entries 
 
Half of these plump barleys had unacceptably high protein levels, but only six 
extract values fell below the minimum limit.  Three quarters of the S/T ratios were 
too high, because of the very high soluble protein levels.  The amylolitic values 
were generally good, while nine of the β−glucan levels were too high.  The best 
performers were M110/M96-64 3292, M110M96-64 3299 and M110/M96-64 
3323, however all of these lines had unacceptably high soluble protein and S/T 
values.  These lines did perform better than the experimental controls. 
 
 
2002 Early Generation Lines (Group 13) � Crookston 
Table 20 � 32 Entries 
 
Half of these plump barleys had unacceptably high protein contents, but only four 
extract values were below the minimum limit.  All soluble protein and S/T values 
were unacceptably high.  Most of the amylolitic and β−glucan values were good.  
The best performers were M96-149/M110 3587 and Lacey, however both of 
these lines had unacceptably high soluble protein and S/T values.  Most of the 



 8

experimental lines performed better than Stander and Robust, and similarly to 
Lacey. 
 
 
2002 Early Generation Lines (Group 14) � Crookston 
Table 21 � 32 Entries 
 
A third of these plump barleys had unacceptably high protein contents.  Their 
extract values were good, except for that of MNBrite.  Nearly all of the soluble 
protein and S/T values were unacceptably high.  A quarter of the diastatic power 
values were too low, while α−amylase levels were excellent.  The β−glucan 
levels ranged from good to a bit too low, indicating that some of these lines were 
over-modified by our standard malting protocol.  The best performers were M97-
68/Lacey 3661, M96-186/M109 3827, and Lacey 3830.  M97-68/Lacey 3661 had 
a solid malt profile except for its elevated soluble protein value.  M96-186/M109 
3827 had high soluble protein, S/T and color values.  Lacey 3830 had high 
soluble protein and S/T values. 
 
 
2002 Early Generation Lines (Group 15) � Crookston 
Table 22 � 30 Entries 
 
The five barleys associated with STP MAT were thin, had high total and soluble 
protein and S/T values and low extract levels.  The rest of the experiment was 
plump, but two thirds of the protein contents were unacceptably high.  Most of the 
extract values were good, but all of the soluble protein contents were too high.  
The amylolitic and β−glucan levels were generally good.  The best performers 
were M96-186/M109 3844 and M96-186/M109 3853, however both of these lines 
had high soluble protein, S/T and color values.  These lines outperformed the 
experimental controls. 
 
 
2002 Early Generation Lines (Group 16) � Crookston 
Table 23 � 45 Entries 
 
A third of these barleys were too thin and two thirds of the protein contents were 
unacceptably high.  Over half of the extract values were good, whereas most of 
the soluble protein levels were too high, with an experimental average of over 
7.0%.  A fifth of the diastatic power levels were above the upper limit, while the 
α−amylase levels were good.  Only ten β−glucan levels exceeded the upper limit.   
The best performers were FEG65-61 and Lacey, but their very high soluble 
protein levels would exclude these lines from commercial use. 
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2002 Mixed Lines, Old and New (Group 17) � St. Paul 
Table 24 � 36 Entries 
 
All of these thin barleys had unacceptably high protein contents and all but one of 
the extract values were unacceptably low.  All but two soluble protein values 
were too high, with this experiment averaging 8.13%.  The amylolitic and 
β−glucan values were generally good.  None of these lines including the 
experimental controls performed well. 
 
 
2002 Mixed Lines, Old and New (Group 18) � St. Paul 
Table 25 � 36 Entries 
 
All of these thin barleys had unacceptably high protein contents.  All of the 
extract values were unacceptably low, with an experimental average of 74%.  
Nearly all of the soluble protein values were too high.  A couple of the diastatic 
power values were low and eleven exceeded the upper limit, while α−amylase 
values were good.  Half of the β−glucan contents were too high.  None of these 
lines performed well, including the experimental controls.   
 
 
2002 Mixed Lines, Old and New (Group 19) � St. Paul 
Table 26 � 36 Entries 
 
All of these thin barleys had unacceptably high protein contents.  Most of the 
extract values were unacceptably low and all of the soluble protein contents were 
too high.  The diastatic power values ranged from two that were too low, to five 
that exceeded the desired limit.  The α−amylase levels were good, while two 
thirds of the β−glucan levels were too high.  None of these lines performed well. 
 
 
2002 Mixed Lines, Old and New (Group 20) � Crookston 
Table 27 � 36 Entries 
 
A quarter of these barleys were too thin and nearly two thirds had unacceptably 
high protein contents.  A third of the extract and diastatic power values were too 
low.  Nearly all of the soluble protein values were too high, with this experiment 
averaging over 7.0%.  The α−amylase levels were good, but three quarters of the 
β−glucan contents exceeded the desired maximum.  The best performers were 
M73, M71, M37 and Lacey, however their high soluble protein levels would 
exclude all of these lines from commercial use. 
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2002 Mixed Lines, Old and New (Group 21) � Crookston 
Table 28 � 36 Entries 
 
A quarter of these barleys were too thin, and though the protein contents were 
generally high, well over half were below the upper limit.  Half of the extract and 
diastatic power values were too low, while most of the soluble protein levels were 
too high.  The α−amylase levels were good, but over half of the β−glucan levels 
exceeded the upper limit.  The best performers were M6, M55, M57 and Lacey.  
M6 had a pretty solid malt profile, while M55, M57 and Lacey had good malt 
quality characteristics, except for their very high soluble protein contents. 
 
 
2002 Mixed Lines, Old and New (Group 22) � Crookston 
Table 29 � 36 Entries 
 
A quarter of these barleys were thin and half had unacceptably high protein 
contents.  A third of the extract values were too low, while most of the soluble 
protein levels were too high.  Fourteen diastatic power values were too low, 
whereas all α−amylase values were good.  Over half of the β−glucan levels were 
above the desired limit indicating that many of these lines did not modify well with 
our standard malting protocol.  The best performers were M100 and Lacey, 
however their high soluble protein levels would exclude these samples from 
commercial use. 
 
 
Submissions from North Dakota 
 
 
2002 Experiment 21, Preliminary Malting Barley Yield Trial � Osnabrock 
Table 30 � 48 Entries 
 
All of these plump barleys had unacceptably high protein contents.  Most of the 
extract values were too low, including three of the four experimental controls.  
The soluble protein levels ranged from excellent at 5.0% to extremely high at 
over 8.0%.  The amylolitic values were generally good, whereas most β−glucan 
contents were too high.  The best performer was ND20302, which had a high 
total protein level of 14.3%, which was better than any of the experimental 
controls.  Many lines would have performed much better under conditions 
promoting lower protein contents. 
 
 
2002 Experiment 22, Preliminary Malting Barley Yield Trial - Osnabrock 
Table 31 � 54 Entries 
 
All of these plump barleys had unacceptably high protein contents.  Most of the 
extract values fell below the desired limit.  The soluble protein levels ranged from 
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one that was too low to twenty-three that exceeded the upper limit.  The 
amylolitic values were generally good, while all but one β−glucan value exceeded 
the upper limit.  None of these lines performed well, including the experimental 
controls. 
 
 
2002 Experiment 24, Preliminary Malting Barley Yield Trial � Osnabrock 
Table 32 � 26 Entries 
 
All of these plump barleys had unacceptably high protein contents.  Most of their 
extract values were too low.  These samples appeared to have modified poorly 
based on all of the unacceptably high β−glucan levels.  Most of the soluble 
protein and amylolitic values were good.  None of these lines performed well. 
 
 
2002 Experiment 22B, Preliminary Malting Barley Yield Trial � Osnabrock 
Table 33 � 55 Entries 
 
All except one of these plump barleys had unacceptably high protein contents.  
Three quarters of the extract values were too low.  These samples appeared to 
have modified poorly based on all of the unacceptably high β−glucan values.  A 
quarter of the soluble protein and diastatic power values were too high, while 
α−amylase values were very good.  None of these lines performed well. 
 
 
2002 Experiment 23, Preliminary Malting Barley Yield Trial � Osnabrock 
Table 34 � 56 Entries 
 
All of these plump barleys had unacceptably high protein contents.  Nearly all of 
the extract and S/T values were too low.  The β−glucan levels were generally too 
high indicating that these malts had modified poorly.  Even with poor 
modification, twelve soluble protein and eight diastatic power levels were 
unacceptably high.  None of these lines performed well. 
 
 
2002 Experiment 3, Intermediate Malting Barley Yield Trial � Osnabrock 
Table 35 � 42 Entries 
 
A quarter of these barleys were too thin, while over three quarters of their protein 
contents were too high.  Over half of the extract values fell below the desired 
limit, while nearly all of the β−glucan levels were too high.  Most of the soluble 
protein and amylolitic values were good.  The best performers were ND19655 
and ND19651.  Both of these lines had high β−glucan contents indicating they 
did not modify well with our standardized malting protocol.  The high soluble 
protein levels might become unacceptably high with better modification and this 
would be a concern for commercial use. 
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2002 Experiment 3, Intermediate Malting Barley Yield Trial � Williston 
Table 36 � 42 Entries 
 
Over three quarters of these plump barleys had unacceptably high protein 
contents.  Most of the extract values were good, but three quarters of the soluble 
protein levels were too high.  Most of these samples modified well as shown by 
the generally good β−glucan levels.  A third of the diastatic power values 
exceeded the upper limit, while the α−amylase values were generally good.  The 
best performers were ND19728, ND19609, Lacey, ND19647, ND19669, 
ND19651, ND19620 and ND19203.  All of these lines had unacceptably high 
soluble protein contents, which would be a concern for commercial use. 
 
 
2002 Experiment LA41, Langdon Preliminary Yield Trial � Langdon 
Table 37 � 25 Entries 
 
Over half of these plump barleys had good protein contents.  The extract values 
were very good, with this experiment averaging over 80%.  Nine soluble protein 
levels were too high, with a couple values topping out at over 7.0%.  The 
diastatic power levels ranged from three that were too low to one that exceeded 
the upper limit.  Most of the β−glucan levels were too high, while the α−amylase 
contents were good.  The best performers were ND20789, ND20818, ND 20793, 
ND 20817, ND20788 and ND20801.  All of these top performers were under-
modified by our standard malting protocol and the elevated β−glucan levels found 
in these lines detract from their commercial worth.  
 
 
2002 Experiment LA42, Langdon Preliminary Yield Trial � Langdon 
Table 38 � 23 Entries 
 
Nearly three quarters of these plump barleys had unacceptably high protein 
contents.  Only five extract values fell below the desired limits, and only six 
soluble protein levels were too high.  The diastatic power levels were generally 
low, with eight being too low, while α−amylase values were good.  All of the 
β−glucan values, except that of Lacey exceeded the upper limit.  The best 
performers were ND16461-1, Lacey and ND20833.  ND161641-1 had a very high 
β−glucan level, while the protein levels found in Lacey were too high.  ND20833�s 
extract value was very good, but the soluble protein and β−glucan levels were 
elevated. 
 
 
2002 Experiment LA43, Langdon Preliminary Yield Trial � Langdon 
Table 39 � 29 Entries 
 
Over half of these plump barleys had good protein contents.  The extract, soluble 
protein and amylolitic values were generally good, but most β−glucan levels were 
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too high.  The best performers were ND20890, ND20908 and ND20894.  
ND20890 had a solid malt quality profile.  ND20908 had a good malt quality 
profile, except for its elevated β−glucan content.  ND20894 had an excellent 
extract value, but had an elevated soluble protein level. 
 
 
2002 Experiment LA44, Langdon Preliminary Yield Trial � Langdon 
Table 40 � 23 Entries 
 
Most of these plump barleys had unacceptably high protein contents.  Most of the 
extract and amylolitic values were very good.  The soluble protein levels ranged 
from two that were too low, to nine that exceeded the upper limit.   Most of the 
β−glucan levels were too high suggesting that these malts were under-modified.  
The best performers were ND20960 and ND20927, which had solid malt quality 
characteristics, except for their elevated β−glucan levels. 
 
 
2002 Experiment LA45, Langdon Preliminary Yield Trial � Langdon 
Table 41 � 28 Entries 
 
Three quarters of these plump barleys had unacceptably high protein contents.  
The extract values ranged from good to exceptional.  Over half of the soluble 
protein and most of the β−glucan values were too high, whereas most of the 
amylolitic values were good.  The best performers were Drummond, ND20968, 
Conlon, ND20990 and ND21000, which had very good malt profiles, except for 
their elevated β−glucan contents. 
 
 
2002 Experiment LA46, Langdon Preliminary Yield Trial � Langdon 
Table 42 � 27 Entries 
 
Most of these plump barleys had unacceptably high protein contents.  The 
extract values were good, with only a couple exceptions.  The soluble protein 
levels ranged from very good to thirteen that exceeded the upper limit.  A quarter 
of the diastatic power and three quarters of the β−glucan values were too high, 
while the α−amylase levels were very good.  The best performers were 
ND16461-1 and Conlon, which had very good malt profiles, except for their 
elevated β−glucan levels. 
 
 
2002 Experiment LA47, Langdon Preliminary Yield Trial � Langdon 
Table 43 � 26 Entries 
 
Most of these plump barleys had unacceptably high protein contents.  The 
extract values were generally good, but most of the soluble protein levels were 
too high.  The amylolitic values were generally good, but over half of the 
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β−glucan levels exceeded the upper limit.  The best performers were ND21099, 
Lacey and ND21073.  ND21099 had a solid malt profile, except for its high 
soluble protein value.  Lacey and ND21073 had high soluble protein and total 
protein levels that would have rendered these submissions unacceptable for 
commercial use.   
 
 
2002 Experiment LA48, Langdon Preliminary Yield Trial � Langdon 
Table 44 � 25 Entries 
 
Three quarters of these plump barleys had unacceptably high protein contents.  
The extract values were good, with two exceptions.  Over a quarter of the soluble 
protein levels exceeded the upper limit and the excessive protein contents 
contributed to the elevated wort colors.  The amylolitic values were generally 
good, whereas most of the β−glucan levels exceeded the upper limit.  The best 
performers were ND21109, ND16461-1, ND21112 and ND21110, however all of 
these lines had rather high β−glucan levels. 
 
 
2002 Experiment LA49, Langdon Preliminary Yield Trial � Langdon 
Table 45 � 25 Entries 
 
Nearly all of these plump barleys had unacceptably high protein contents.  Most 
of the extract and amylolitic values were good.  Over half of the soluble protein 
and two thirds of the β−glucan levels exceeded the upper limits.  The best 
performers were Lacey, Conlon and Metcalfe.  Lacey and Conlon had elevated 
β−glucan contents, while Metcalfe had elevated protein levels. 
 
 
2002 Sidney Flood Experiment 212 � Sidney, MT 
Table 46 � 36 Entries 
 
A quarter of these barleys were too thin, but all protein contents were good.  All 
extract values were within the desired limits and soluble protein levels were 
generally good.  A third of the diastatic power values were too low and a third of 
the β−glucan levels, all from two rowed submissions, were too high.  The best 
performers were ND18460, ND18578, ND18825, and ND18556.  ND18460 had a 
very good malting quality profile, with only a high S/T ratio keeping this 
submission from a perfect score.  ND18578 also had good malt quality 
characteristics, but it had a high S/T ratio and was a bit thin.  ND18825 was thin, 
whereas ND18744 had a hazy wort that would detract from this line�s commercial 
use.  The experimental controls, Robust and Lacey also performed well in this 
experiment as did most of the 6 rowed lines.  
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2002 Sidney Overhead Experiment 212 � Sidney, MT 
Table 47 � 36 Entries 
 
Only three of these plump barleys had unacceptably high protein contents.  All of 
the extract values were good and while the soluble protein levels were a bit high, 
only six exceeded the upper limit.  Over half of the two rowed submissions had 
deficient diastatic power levels, whereas all α−amylase values fell within the 
desired limits.  Fifteen β−glucan levels were too high and most of these were two 
rowed lines.  This indicated that, in general, these two rowed selections were not 
as well modified by our protocol as were the six rowed lines.  The best 
performers, all six rowed lines, were ND18554, ND18566, ND18567, Lacey, 
ND18650, Robust, ND18549, ND18825, ND18546 and ND18556.  ND18554, 
ND18566, ND18567 and Lacey all scored a perfect 65.  ND18650 and Robust 
had similar solid malt profiles, with only their elevated β−glucan levels detracting 
from a higher score.  The soluble protein level of ND18549 was a bit high, 
although still within limits.  ND18825 had elevated β−glucan and soluble protein 
values, which could be a concern since better modification would lead to lower 
β−glucan levels, but would further elevate the soluble protein contents.  ND18546 
and ND18556 had elevated soluble protein levels and in the latter this pushed 
the S/T ratio above the desired limit. 
 
 
2002 Mott Experiment 5 � Mott 
Table 48 � 25 Entries 
 
Most of these barleys had good protein contents.  The extract values were good, 
with the experiment averaging over 80%.  The soluble protein levels tended to be 
a bit high, but only five exceeded the upper limit.  The S/T ratios reflected the 
high soluble protein levels, with seventeen exceeding the desired limit.  Half of 
the diastatic power values were too low, whereas the α−amylase levels were 
very good.  Over half of the β−glucan levels were too high.  The best performers 
were ND19742, Lacey, ND19703, ND19711 and ND19743.  ND19742 and 
ND19711 had low diastatic power values and high S/T ratios.  Lacey had a solid 
malt quality profile, except for an elevated soluble protein level.  ND19703 was 
thin and had a slightly elevated soluble protein value.  ND19743 had an excellent 
extract value, but a low diastatic power level and unacceptably high β−glucan 
and S/T values, which would detract from commercial use. 
 
 
2002 Williston Re-Crop Experiment 5 � Williston 
Table 49 � 25 Entries 
 
Over half of these plump barleys had unacceptably high protein contents.  The 
extract values were generally good, but nearly all of the soluble protein values 
were too high.  The diastatic power levels ranged from five that were too low to 
two that exceeded the upper limit.  The α−amylase levels were generally high, 



 16

however only that of Stander was too high.  Over half of the β−glucan levels were 
unacceptably high, indicating many of these submissions did not modify well with 
our standard malting protocol.  None of these lines performed well including the 
experimental controls. 
 
 
2002 Osnabrock Experiment 1 � Osnabrock 
Table 50 � 18 Entries 
 
All of these plump barleys had unacceptably high protein contents and most of 
the extract levels were too low.  Half of the soluble protein and nearly all of the 
β−glucan levels exceeded the maximum limits.  The amylolitic values were 
generally good.  The best performer was ND17655, which performed better than 
all of the experimental controls.  This line had high total protein contents and 
elevated soluble protein, amylolitic and β−glucan values.   
 
 
2002 Carrington, Experiment 1 � Carrington 
Table 51 � 18 Entries 
 
All of these thin barleys had unacceptably high protein contents.  A third of the 
extract values were too low.  All soluble protein and diastatic power values were 
too high, except for those of Conlon.  The α−amylase values were good, but a 
third of the β−glucan levels were too high.  None of these lines performed well. 
 
 
2002 Experiment LA12, Langdon Advanced Yield Trial � Langdon 
Table 52 - 15 Entries 
 
These plump barleys generally had good protein contents and excellent extract 
values.  Only four soluble protein levels were too high.  Four diastatic power 
levels were too low, while all α−amylase values were good.  All except one of the 
β−glucan levels were high indicating under-modification of these submissions by 
our standard malting protocol.  The best performers were ND19854, ND16461-1 
and ND19088.  ND19854 had a very solid malt quality profile except for its high 
β−glucan content.  ND16461-1 had an extremely high β−glucan level and its 
diastatic power level was a bit low.  ND19088 had a low diastatic power value 
and high β−glucan content. 
 
 
2002 Experiment CR12, Carrington Advanced Yield Trial � Carrington 
Table 53 � 15 Entries 
 
Most of these barleys were thin and had unacceptably high protein contents.  Six 
extract values were too low, while five soluble protein levels were too high.  Most 



 17

of the β−glucan levels exceeded the upper limit, while the amylolitic values were 
generally good.  None of these lines performed well. 
 
 
2002 Experiment LA13, Langdon Intermediate Yield Trial � Langdon 
Table 54 � 26 Entries 
 
Over half of these plump barleys had unacceptably high protein contents.  The 
extract values were excellent, with the experiment averaging 80.8%.  Most of the 
soluble protein levels were very good, with only four exceeding the upper limit.  
Six diastatic power levels were too low, while the α−amylase values were 
excellent.  Nearly all β−glucan levels were unacceptably high.  The best 
performers were ND19879, ND19855, ND19852, ND20049 and Conlon.  All of 
these lines had solid malt quality characteristics, except for their extremely high 
β−glucan contents. 
 
 
2002 Experiment CR13, Carrington Intermediate Yield Trial � Carrington 
Table 55 � 26 Entries 
 
Three quarters of these thin barleys had unacceptably high protein contents.  
Nearly all of the extract values were good, but a third of the soluble protein levels 
exceeded the upper limit.  The amylolitic values were generally good, but three 
quarters of the β−glucan contents were too high.  The best performers were 
ND19873, ND19852 and ND19879.  These lines had good malt quality 
characteristics, but were thin and had elevated β−glucan levels. 
 
 
2002 WI Fallow 13, Intermediate Yield Trial � Williston 
Table 56 � 26 Entries 
 
All of these thin barleys had unacceptably high protein contents.  Most of the 
extract values were low and a third of the soluble protein levels exceeded the 
upper limit.  The diastatic power levels ranged from one that was too low to five 
that were too high.  Two α−amylase and most of the β−glucan values were too 
high.  None of these lines performed well. 
 
 
2002 Experiment LA11, Langdon Variety Yield Trial � Langdon 
Table 57 � 10 Entries 
 
Most of these plump barleys had unacceptably high protein contents.  The 
extract and α−amylase values were very good.  Seven soluble protein and 
β−glucan levels were too high, while three diastatic power values were too low.  
The best performers were Lacey and ND16461-1.  Lacey had unacceptably high 
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total and soluble protein levels.   ND16461-1 had a low diastatic power level and 
an extremely high β−glucan content. 
 
 
2002 Experiment CR11, Carrington Variety Yield Trial � Carrington 
Table 58 � 10 Entries 
 
Nearly all of these thin barleys had unacceptably high protein contents.  Four 
extract values were too low, while the soluble protein levels were high, with eight 
exceeding the upper limit.  Three diastatic power levels were too high, while two 
α−amylase values exceeded the maximum limit.  Most of the β−glucan levels 
were too high.  None of these lines performed well.  
 
 
Submissions from Virginia 
 
 
2002 Barley Submissions � Blacksburg 
Table 59 � 24 Entries 
 
These barleys were generally plump and had protein contents that ranged from 
good to a bit too low.  The extract values were excellent averaging over 80%.  
Half of the soluble protein values were too low, as were all but three of the 
diastatic power levels.  Only three α−amylase values fell outside the expanded 
desired range, these being too low.  Half of the β−glucan levels were too high.  
The best performers were 92AB1841, 94AB1274 and 95AB2299.  92AB1841 
exhibited a solid malt quality profile, but was thinner than most of the other 
submissions.  The other best performers also had good malt quality profiles, 
except for their low diastatic power levels. 



Table 1       Entries in the Mississippi Valley Uniform Barley Nursery - 2002 Crop

Entry New   CI# or
No. Entry   Contributor Name Rowed      Parentage

1 5105 Barbless 6 Oderbrucker/Lion
2 10648 Larker 6 Titan/Kindred/3/Newal/Peatland//Montcalm
3 15773 Morex 6 Cree/Bonanza
4 476976 Robust 6 Morex/Manker
5 Minnesota Stander (M64) 6 Robust 2*/3/Cree/Bonanza//Manker/4/Robust/Bumper
6 Busch Ag. Res. Legacy (6B93-2978) 6 Bumper/Karl//Bumper/Manker/3/Bumper/Karl/4/Excel
7 PI 603050 MNBrite (MNS85) 6 M90-89/M69
8 North Dakota Drummond (ND15477) 6 ND9712//Stander/ND12200
9 Minnesota Lacey (M98) 6 M78/M79

10 North Dakota ND16301 6 Foster//ND12200/6B88-3213
11 Busch Ag. 6B95-2482 6 6B89-2126/ND10981
12 Busch Ag. 6B95-2089 6 6B84-2912/B1601//6B88-3213
13 Minnesota M109 6 Lacey/M95
14 Minnesota M110 6 M93-117/M95
15 North Dakota ND16922 6 ND14161/ND14296
16 X Minnesota M111 6 M93-9/M92-392
17 X Minnesota M112 6 M93-121/M81
18 X Minnesota M113 6 M93-109/Lacey
19 X North Dakota ND17643 6 ND15245/ND15377
20 X North Dakota ND17655 6 ND15245/ND15377
21 X North Dakota ND17687 6 ND15246/ND15377
22 X North Dakota ND17711 6 ND15246/ND15377
23 X North Dakota 2ND18365 2 2B91-4947/ND15403
24 X Busch Ag. 6B98-9105 6 6B93-3192/M82
25 X Busch Ag. 6B98-9170 6 6B92-7098//6B92-7098/M75
26 X Busch Ag. 6B98-9339 6 B1614//B1614/M75
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Appendix A:              METHODS 
 
Cleaning  All samples were cleaned on a Carter Dockage 
Tester and any material not retained on a 5/64" screen was 
discarded. 
 
Barley Mill  Ground barley was prepared with a Labconco 
Burr mill that was adjusted so that only 35% of the grist 
remained on a 525 µm sieve after 3 min of shaking and 
tapping.   
 
Kernel Weight The number of kernels in a 20 g aliquot of 
each sample was counted electronically and the �1000 kernel 
weight� was calculated. 
 
Plumpness   Samples were sized on a Eureka-Niagra Barley 
Grader and the percentage of the seeds retained on a 6/64" 
screen was determined. 
 
Barley Color  The brightness of the grains was measured 
using an Agtron M45-D analyzer. 
 
Barley Moisture Content Five g of ground sample was dried 
for 3 h at 106°C.  The percentage of weight loss that occurred 
during this drying was calculated. 
 
Barley Protein Content   Total nitrogen values were 
obtained using an automated Dumas combustion procedure 
with a LECO FP-528 analyzer.  Nitrogen values were 
converted to protein percentages by multiplication by 6.25. 
 
Malting Conditions 170 g (db) barley samples were steeped 
at 16°C for 32-48 h, to 45% moisture, by alternating 4 h of 
wet steep with 4 h of air rest.  The steeped samples were 
placed in a chamber for 5 d at 17°C and near 100% R.H., in 
cans that were rotated for 3.0 min every 30 min.  The 
germinated grain (green malt) was kilned for 24 h as follows: 
0.5 h from 25°C to 49°C, 9.5 h at 49°C, 0.5 h from 49°C to 
54°C, 4.0 h at 54°C, 0.5 h from 54°C to 60°C, 3.0 h at 60°C, 
0.5 h from 60°C to 68°C, 2.0 h at 68°C, 0.5h from 68°C to 
85°C, and 3.0 h at 85°C. 
 
Malt Mill  Fine-grind malts were prepared with a Miag 
laboratory cone mill that was adjusted so that 10% of the grist 
remained on a 525 µm sieve after 3 min of shaking, with 
tapping.  Coarse-grind malts were prepared with a corrugated 
roll mill that was adjusted so that 75% of the grist remained 
on a 525 µm sieve.  Ground malts for moisture, protein and 
amylolytic activity analyses were ground in a Labconco Burr 
mill (see Barley Mill). 
 
Malt Moisture Content  See Barley Moisture Content. 
 
Malt Protein Content   See Barley Protein Content. 
 
 
 
 
 

Malt Extract Samples were extracted using the Malt-4 
procedure (Methods of Analysis of the ASBC, 8th ed, 1992), 
except that all weights and volumes specified for the method 
were halved.  The specific gravity of the filtrate was 
measured with an Anton/Parr DMA5000 density meter.  The 
density data were used to calculate the amount of soluble 
material present in the filtrate, and thus the percentage that 
was extracted from the malt.  F-C represents the difference in 
extract % between the finely ground malts and the coarsely 
ground malts. 
 
Wort Color was determined on a Skalar SAN plus analyzer 
by subtracting the absorbance at 700 nm from that at 430nm 
and dividing by a factor that was determined by comparison 
with values obtained in a collaborative test.  
 
Wort Clarity was assessed by visual inspection. 
 
β-Glucan Levels were determined on a Skalar SAN plus 
analyzer by using the Wort-18 fluorescence flow injection 
analysis method with calcofluor as the fluorescent agent 
(Methods of Analysis of the ASBC, 8th ed, 1992). 
 
Free Amino Nitrogen Levels were determined on a Skalar 
SAN plus analyzer using an automated version of the Wort-
12 protocol (Methods of Analysis of the ASBC, 8th ed, 
1992). 
 
Soluble (Wort) Protein Levels were determined on a Skalar 
SAN plus analyzer using the Wort-17 UV-spectrophotometric 
method (Methods of Analysis of the ASBC, 8th ed, 1992). 
 
S/T Ratio was calculated as Soluble Protein / Total Malt 
Protein 
 
Diastatic Power Values were determined on a Skalar SAN 
plus analyzer by the automated ferricyanide procedure Malt-
6A (Methods of Analysis of the ASBC, 8th ed, 1992). 
 
α-Amylase activities were measured on a Skalar SAN plus 
analyzer by heating the extract to 73°C to inactivate any β-
amylase present.  The remaining (α-amylase) activity was 
measured as described for Diastatic Power Values. 
 
Turbidities were determined in Nephelometric Turbidity 
Units (NTU) on a Hach Model 18900 Ratio Turbidimeter. 
 
Quality Scores were calculated by using a modification of 
the method of Clancy and Ullrich (Cereal Chem.  65:428-430, 
1988).  The criteria used to quantify individual quality factors 
are listed in Table A1. 
 
Overall Rank Values were ordered from low to high based 
on their Quality Scores.   A rank of �1� was assigned to the 
sample with the best quality score.  
 
 



Appendix B 2002 Crop Year

             Quality Score Parameters for 2- and 6-rowed barleys
2-rowed 6-rowed

Quality parameter condition score condition score
Kernel Weight > 42.0 5 > 32.0 5
(mg) 40.1−42.0 4 30.1−32.0 4

38.1−40.0 2 28.1−30.0 2
≤ 38.0 0 ≤ 28.0 0

on 6/64 " ≥ 90.0 5 ≥ 80.0 5
(%) 85.0−89.9 3 73.0−79.9 3

< 85.0 0 < 73.0 0

Malt Extract ≥ 81.0 10 ≥ 79.0 10
(% db) 79.4−81.0 7 78.2−78.9 7

78.0−79.4 4 77.7−78.2 4
<78.0 0 < 77.7 0

Wort Clarity = 3 0 = 3 0
     3=hazy = 2 1 = 2 1
     2=slightly hazy = 1 2 = 1 2
     1=clear

Barley Protein ≥ 13.5 0 ≥ 14.0 0
(% db) 13.0−13.5 5 13.5−13.9 5

11.5−13.0 10 11.5−13.5 10
≤ 11.5 5 ≤ 11.5 5

Wort Protein > 6.0 0 > 6.0 0
(% db) 5.6−6.0 3 5.7−6.0 3

4.9−5.6 7 5.2−5.7 7
4.5−4.9 3 4.8−5.2 3
< 4.5 0 < 4.8 0

S/T (Soluble/Total >47 0 >47 0
 Protein, % db) 42−47 5 42−47 5

< 42 0 < 42 0

DP (Diastatic > 180 0 > 200 0
 Power, ° ASBC) 160−180 4 180−200 4

120−160 7 140−180 7
100−120 4 120−140 4

< 100 0 < 120 0

Alpha-amylase > 90 0 > 90 0
(20° DU) 80−90 4 80−90 4

45−80 7 45−80 7
35−45 4 35−40 4
< 35 0 < 35 0

Beta-glucan < 40 0 < 40 0
(ppm) 40 −60 3 40 −80 3

60 − 115 7 80 − 140 7
115−200 3 140 − 200 3

 > 200 0 > 200 0




